Detailed pollen morphological structures of 12 Turkish species of Campanula L
Introduction

Results and Discussion
LM and SEM investigations showed that pollen grains of 12 taxa were more or less oblatosphaeroidal, and triporate, but some grains were tetraporate, tectum-scabrate, with circular amb. The exine sculpture was granulate-scabrate in Campanula argaea, C. lyrata subsp. lyrata, C. stricta var. stricta, C. glomerata subsp. hispida and C. pamphylica subsp. tokurii; but in C. cymbalaria, C. latiloba subsp. latiloba, C. olympica, C. persicifolia, C. pterocaula, C. rapunculoides subsp. cordifolia and C. rapunculus var. rapunculus it was rugulate-scabrate.
In Campanula argaea (endemic), the pollen grains were triporate, oblato-sphaeroidal. The exine sculpture was granulate-scabrate, exine 1.35 µ (W) and 0.95 µ (E), tectum scabrate; amb circular, 26.20 µ (W) and 21.24 µ (E), plg/plt = 1.11 µ (W) and plg/plt = 1.12 µ (E). Annulus 0.09 µ. Columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.6 µm in length and 0.5 µm in width. One hundred and eight spinules were present in 100 µm 2 and the distance between two spinules was 1 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 1, a-b, Tables 1-2).
In C. cymbalaria, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.97 µ (W) and P/E = 0.95 µ (E). The exine sculpture was rugulate-scabrate, exine 1.09 µ (W) and 0.99 µ (E), tectum scabrate; amb circular, 31.10 µ (W) and 27.90 µ (E), plg/plt = 1.1 µ (W) and plg/plt = 1.24 µ (E). Annulus 1.09 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.6 µm in length and 0.5 µm in width. One hundred and sixty spinules were present in 100 µm 2 and the distance between two spinules was 1 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl.1, c-d, Tables 1-2). In C. glomerata subsp. hispida, the pollen grains were tri-tetraporate, 64% tetraporate, 36% triporate, oblato-sphaeroidal, P/E = 0.93 µ (W) and P/E = 0.91 µ (E). The exine sculpture was granulate-scabrate, exine 1.03 µ (W) and 1.23 µ (E), tectum scabrate, amb circular, 30.69 µ (W) and 29.65 µ (E), plg/plt = 1.13 µ (W) and plg/plt = 1.14 µ (E). Annulus 0.43 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.45 µm in length and 0.30 µm in width. One hundred and forty four spinules were present in 100 µm 2 and the distance between two spinules was 1 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 1, e-f, Tables 2-3).
In C. latiloba subsp. latiloba (endemic), the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.97 µ (W) and P/E = 0.93 µ (E). The exine sculpture was rugulate-scabrate, exine 1.22 µ (W) and 1.10 µ (E), tectum scabrate, amb circular, 31.10 µ (W) and 27.90 µ (E), plg/plt = 1.1 (W) and plg/plt = 1.24 (E). Annulus 1.09 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.8 µm in length and 1 µm in width. Sixteen spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 4.8 µm (Pl. 2, a-b, Tables 2-3).
In C. lyrata (endemic), the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.96 µ (W) and P/E = 0.94 µ (E). The exine sculpture was granulate-scabrate, exine 1.04 µ (W) and 1.10 µ (E), tectum scabrate, amb circular, 26.44 µ (W) and 23.06 µ (E), plg/plt = 1.13 µ (W) and plg/plt = 1.19 µ (E). Annulus 0.54 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.4 µm in length and 0.5 µm in width. One hundred and sixty eight spinules were present in 100 µm 2 and the distance between two spinules was 0.5-1 µm. The operculum was entire with a smooth pore. The average operculum length was 3.8 µm (Pl. 2, c-d, Tables 2-3 ).
In C. olympica, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.94 µ (W) and P/E = 0.92 µ (E). The exine sculpture was rugulate-scabrate, exine 1.20 µ (W) and 1.01 µ (E), tectum scabrate, amb circular, 29.10 µ (W) and 27.17 µ (E), plg/plt = 1.20 µ (W) and plg/plt = 1.16 µ (E). Annulus 0.54 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.4 µm in length and 0.5 µm in width. One hundred spinules were present in 100 µm 2 and the distance between two spinules was 0.5-1 µm. The operculum was entire with a smooth pore. The average operculum length was 3.8 µm (Pl. 2, e-f, Tables 2-3).
In C. persicifolia, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.97 µ (W) and P/E = 0.96 µ (E). The exine sculpture was rugulate-scabrate, exine 1.09 µ (W) and 1.11 µ (E), tectum scabrate, amb circular, 30.94 µ (W) and 30.59 µ (E), plg/plt = 1.16 µ (W) and plg/plt = 1.11 µ (E). Annulus 0.09 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 1.12 µm in length and 0.75 µm in width. Twenty eight spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 3.8 µm (Pl. 3, a-b, Tables 2-3).
In C. pterocaula (endemic), the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.96 µ (W) and P/E = 0.94 µ (E). The exine sculpture was rugulate-scabrate, exine 1.13 µ (W) and 1.17 µ (E), tectum scabrate, amb circular, 29.11 µ (W) and 27.72 µ (E), plg/plt = 1.11 µ (W) and plg/plt = 1.17 µ (E). Annulus 1.30 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.6 µm in length and 0.9 µm in width. Twelve spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 3,  Tables 2-3 ).
In C. rapunculoides subsp. cordifolia, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.94 µ (W) and P/E = 0.94 µ (E). The exine sculpture was rugulate-scabrate, exine 1.24 µ (W) and 1.05 µ (E), tectum scabrate, amb circular 31.48 µ (W) and 30.61 µ (E), plg/plt = 1.13 µ (W) and plg/plt = 1.12 µ (E). Annulus 1.09 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.45-1.12 µm in length and 0.40-0.65 µm in width. Forty four spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 3, e-f, Tables 2-3).
In C. rapunculus var. rapunculus, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.94 µ (W) and P/E = 0.94 µ (E). The exine sculpture was rugulate-scabrate, exine 1.14 µ (W) and 0.98 µ (E), tectum scabrate, amb circular, 27.58 µ (W) and 26.94 µ (E), plg/plt = 1.16 µ (W) and plg/plt = 1.19 µ (E). Annulus 0.22 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.45 µm in length and 0.45 µm in width. Seventy six spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 4, a-b, Tables 2-3).
In C. stricta var. stricta, the pollen grains were triporate, oblato-sphaeroidal, P/E = 0.96 µ (W) and P/E = 0.93 µ (E). The exine sculpture was granulate-scabrate, exine 1.25 µ (W) and 1.00 µ (E), tectum scabrate, amb circular, 29.55 µ (W) and 22.25 µ (E), plg/plt = 1.14 µ (W) and plg/plt = 1.11 µ (E). Annulus 0.43 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.45 µm in length and 0.45 µm in width. One hundred and sixteen spinules were present in 100 µm 2 and the distance between two spinules was 4-5 µm. The operculum was entire with a smooth pore. The average operculum length was 4 µm (Pl. 4, .
In C. pamphylica subsp. tokurii (endemic), the pollen grains were triporate, oblatosphaeroidal, P/E = 0.95 µ (W) and P/E = 0.91 µ (E). The exine sculpture was granulate-scabrate, exine 1.23 µ (W) and 1.00 µ (E), tectum scabrate, amb circular, 26.22 µ (W) and 22.88 µ (E), plg/plt = 1.20 µ (W) and plg/plt = 1.15 µ (E). Annulus 0.76 µ. The columella single-layered. The pollen surface was covered with supratectal spinules, which were 0.36 µm in length and 0.5 µm in width. Eighty four spinules were present in 100 µm 2 and the distance between two spinules was 0.5-1 µm. The operculum was entire with a smooth pore. The average operculum length was 4.5 µm (Pl. 4, .
The results revealed that the pollen of 12 Campanula taxa were more or less oblatosphaeroidal, triporate, but some grains were tetraporate, tectate-scabrate, with circular amb.
The present LM and SEM study also provides a better understanding of the details of the pollen walls of 12 Campanula species. İnceoğlu (1975, 1976) determined the pollen morphologies of some Campanula in her studies, which reported faintly granulate ornemantation of the exine. But, the present investigation has revealed that the exine sculpture is granulate-scabrate in Campanula argaea, C. lyrata, C. stricta, C. glomerata and C. pamphylica subsp. tokurii, while C.cymbalaria, C. latiloba, C. olympica, C. persicifolia C. pterocaula, C. rapunculoides and C. rapunculus L. var. rapunculus showed rugulate-scabrate exine (Pls. 1-4).
It has been reported that aperture features and exine structures are among the essential criteria for the determination of the phylogenetic relationships of the species of Campanula (Kuprianova 1967 , Cronquist 1968 , Walker 1974a ,b, Takhtajan 1980 .
The present results are in agreement with those reported by Oybak and Pinar (1995) , Perveen and Qaiser (1999), and Ocak (2003) ; but contradict with the results of İnceoğlu (1975, 1976) . Although different species were investigated, there seems to be an agreement with the results of Oybak and Pinar (1995) in terms of the fact that the pollen bears spinules. These results seem to suggest that the spinule formation in the species of Campanula could be a genotypic characteristic.
In all types of Campanula pollens investigated, the operculum surface appeared to be mostly rough under the SEM. The morphological features of exine layers have been reported to be the features that best explain the nature of the phylogenetic relationship among the various taxa (Kuprianova 1967 , Cronquist 1968 , Walker 1974a ,b, Takhtajan 1980 . While LM revealed that Campanula only had a granulate structure, detailed SEM showed that they were constituted of both granules and spinules (Pls 1-4, Table 2 ).
Thus, difference in pollen morphology of twelve Turkish Campanula species could be a reflection of their genetic difference. Cronquist (1968) mentioned that in taxonomy, the sculpture types of pollens have valid morphological features.
